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Abstract 

The present document summarizes the results and discussions rela- 
ting to the LMFBH shielding benchmark exercise proposed by NEACHP in the 
report which is given in Annex I and which indicates the specifications of 
the LMFBR shielding benchmark. The PWH shielding benchmark also discussed 
at the meeting, will be the subject of a separate document. 

Six different organisations participated in the LMFBR benchmark 
exercise, and eight solutions were submitted. The list of participants and 

0 
contributors is given in Annex 11. 



General Comments 

At the NEACSP Specialists' Meeting on "Veutron Data and Benchmarks for 
Reactor Shielding", held in Paris in October 1980, a formal programme of 
work was agreed upon for the execution of shielding benchmark studies. 

It was considered that the status of multigroup cross section sets 
used by different laboratories had changed significantly in recent years 
and that it would be of interest for an international intercomparison to 
take advantage of the recent improvements in calculational techniques and 
the developments of sensitivity and uncertainty methods. 

Actually, the major achievements of the previous meetings of this 
series had been in stimulating the development of data sensitivity analysis 
tools and stressing the need for appropriate data uncertainty information, 
both for meaningful design parameter uncertainty analysis and for effective 
use of benchmark single-material propagation experiments. 

For the present meeting, it was agreed to limit the scope to an inter- 
comparison of the benchmark exercises. In the case of the LMFSR benchmark, 
the following quantities of interest were requested in thz simplified 10 
geometry: 

- total, thermal equivalent and fast flux responses. 

- steel damage dose 

- activation rates of Na and Au 

- fission rate of U-235 

- neutron andr-heating 

All these valuss were requested at several positions, in the proposed 
geometrical madel, representative in particular of the end of the lateral 
shield and of the wall of the secondary heat exchanger. The results ob- 
tained by the participants are given in Part I of the present document. 

Part I1 of the document gives thc details of the analysis of the 
a 

results, in particular using the ssnsitivity coefficients provided by the 
participants. 

The main results and conclusions of the exercise can be summarised as 
follows: 

- The spread of the calc~l~~ted results are much reduced with respect 
to the results obtained in a similar exercise, and compared at the 
Specialists' Meeting in Vienna in 1976. 

- The observed discrepancies are often related to calculations per- 
formed by different laboratories using the same data base with 
different strategies to produce multigroup data (elastic and in- 
elastic matrix production, composition dependent resonance self- 
shielding, etc.). This means that, in this area, the methods play 
a relevant role, which is still to be clarified. Continuous Monte 
Carlo calculations can certainly give useful information. However, 



since in particular resonance self-shielding algorithms are, in 
general, well established, the problem of data processing could be 
handled more satisfactorily in the future with a more appropriate 
use of existing algorithms. 

- The sensitivity coefficients provided by the participants were in 
excellent agreement, even when different perturbation codes were 
used. Thus, the present 1D techniques can be used with confidence 
for experiment analysis or design studies. 

- The method approximation effects (angular quadrature, Legendre 
Polynomial order, mesh size) are well understood in 1D deep pene- 
tration calculations. Here again, an excellent agreement was found 
among the participants. - 

- Concerning the uncertainty analysis, it was clear from the data 

0, provided and from the discussions held at the meeting that data 
uncertainties and their correlations are still, to a large extent, 

a, lacking. The old Schmidt data are still being used together with 
the preliminary compilation performed at ORNL by Drischler and 
Weisbin. 

It seems that in this field the data needs of the shielding commu- 
nity should be stressed in defining priorities in new data file 
versions (ENDF/B) or in the setting up of new evaluated data files, L 

as it is the case for the Joint Evaluated File (JEF). In partic- 
ular, data formats and data uncertainty types should fit the needs 
of transport calculations. The type of uncertainties and of corre- 
lationsneeded for sensitivity analysis as indicated by kcracken at 
Vienna in 1976 could represent a useful guideline. Moreover, 
shielding-oriented test problems should be included in the usual 
physical file checking phases. 

The relatison of the theoretical benchmark to experimental benchmarks 
was only partially discussed. In this respect, possible motivations for 
future specialists' meetings have also been discussed. It was generally 
agreed that the use of the expermental benchmark to improve shielding 
design calculations is still a field of high interest. However, the fol- 
lowing points should be considered to define appropriate strategies to 
benefit from the experimental benchmarks: 

- According to the conclusions of the present meeting, standard data 
processing procedures should be defined and their related uncer- 
tainty stated. 

Data uncertainty variance-covariance matrix information should be 
made available in appropriate formats for the major isotopes of 
interest for shielding (0-16, Na, SS isotopes, etc.) in the prin- 
ciple evaluated data files. 

- The present experimental benchmarks (in Fe) should be made avai- 
lable in standard format, including experimental results reduced to 
1D models (i.e. with calculated corrections from the actual geome- 
try to 1D model, to be specified), and this to allow a more gene- 
ralised use of them. Moreover, the new planned experimental bench; 
mark results (propagation in Ya, EURACOS), should be made available 
within a reasonable time delay (mid-1983). 



- Data ad jus tment  and c o n s i s t e n c y  p rocedures  shou ld  be compared and 
ana lysed  t o  d e f i n e  t h e i r  a p p l i c a b i l i t y  t o  s h i e l d i n g  d e s i g n  needs.  

The above mentioned t o p i c s  seem t o  r e p r e s e n t  t h e  f i e l d s  i n  which most 
p r o g r e s s  should  be made i n  t h e  nea r  f u t u r e ,  and t h e i r  d i s c u s s i o n ,  i n  a  
r e a s o n a b l e  d e l a y  o f  t ime  (abou t  two y e a r s ) ,  should  a l l o w  e f f e c t i v e  p r o g r e s s  
towards  a  s u b s t a n t i a l  improvement of  t h e  p r e s e n t  methods and d a t a  used i n  
s h i e l d i n g  d e s i g n  c a l c u l a t i o n s  and p r e d i c t i o n s .  



PART I 

BENCHMARK RESULTS 

The data o r i q i n  o f  e i g h t  data s e t s  used by the  p a r t i c i p a n t s  i s  t h e  fo l low ing:  

VITAMIN4 

VITAMIN-C 

RADHEAT 

PHOPANE-Dl 

EUHLIB 

UKAEA 

: OHNL generated 174 group cross-sect ion data based on ENDF/B-V. 

: ORNL generated 171 group cross-sect ion data based on ENOF/B-IV. 

: loon - 20 gamma group l i b r a r y ,  based on ENDF/B-IV (neutrons),  
and POPOP-4 l i b r a r y  (n+r ) ,  processed by the  HADHEAT-V3 code 
system o f  JAEHI. 

: 113n - 36 gamma group l i b r a r y ,  based on ENDF/B-IV, processed by 
the  MCCZ-PN code system, generated a t  CEA. 

: Shie ld ing  fo rmula i re  developed w i t h  the  c o l l a b o r a t i o n  o f  CEA 
(France) and ENEA ( I t a l y ) ,  based on 45 energy group data f o r  
neutrons and der ived from BABEL. 

: Adjusted vers ion  o f  the  prev ious formula i re,  using neutron 
propagat ion experiments performed j o i n t l y  by CEA and ENEA. 

: EiJHLIB-3, as used by t h e  UK. 

: UKNDL processed f n  100-group EURI-IB s t r u c t u r e  Fe weighted -1 w i t h  4 = &f(E)]- and o ther  isotopes w i t h  :: E . 
The f o l l o w i n g  t a b l e s  are  provided: 

TABLES 1-3 : Major response f u n c t i o n  values as requi red.  

TABLES 4-8 : S e n s i t i v i t y  c o e f f i c i e n t s  i n  the  15 energy group s t r u c t u r e  by 
iso tope : Fe, C r ,  N i ,  Na i n  l a t e r a l  sh ie ld ,  Na i n  Sodium tank. 
These are reg ion  i n t e g r a t e d  s e n s i t i v i t y  c o e f f i c i e n t s  S S and 
5, f o r  fabsorpt ion, z s c a t t e r i n q  ( e l a s t i c  + i n e l a s t i c ) f 9 a n 8  f o r  
the  sum bf the  two 2 s .  The e l a s t i c  c o n t r i b u t i o n  inc ludes  on l y  
the Pa component. The s e n s i t i v i t y  c o e f f i c i e n t s  a re  f o r  t h e  
following responses: 

- h t o t  a t  mesh 6 2  and 187. 

- d 100 KeV a t  mesh 6 2 .  

TABU 9 : S e n s i t i v i t y  o f  dtot a t  mesh 62  t o  angular source values. 

TABLES 10-19 : 15 group cross-sect ion values ( fa and &) supp l ied  by the  
d i f f e r e n t  p a r t i c i p a n t s .  

TABLES 20-44 : Resul ts  o f  the  f o l d i n g  cross-sect ion d i f f e rences  obta ined from 
Tables 10-19 w i t h  the  sensitivity c o e f f i c i e n t s  Sa, S and S o f  
Tables 4-0. There i s  one t a b l e  f o r  each iso tope (?e, ~ r ,  t~i, 
Na) and one t a b l e  o f  summary, and one s e t  o f  t ab les  f o r  the 
f o l l o w i n g  cases:  (VITAMIN-€)-(BABEL), (HADHEAT)-(BABEL), 
(VITAMIN-C)-(BABEL) , (PHOPANE-Dl)-(PROPANE-%) and 9 / T m  ;- 
(VITAMIN-C). "- .wL .I 





FLUX > 1 0 0  KEV DPA 

I  I  I  I I I  I I I 
D A T A  SET i YESH ED I  :1ESt! 62  1 KESH 1 2 4  1 HESt! 1 8 7  1 MESH 2 3  1 MESH 62 1 MESH 1 2 4  1 MESH 1 8 7  1 

f!lF:LIq 

UKAEA 

---------- I 
I 
I 
I 

ST. DEV. 1 5 . 9 1 8 E + l G l  7 .853E t061  
I I I 



I  
I  THERMAL EDUIVALENT FLUX 
I 
1-___------1---_------I---------- 
I I I 

DATA SET I  MESH 23 1 MESH 6 2  1 MESH 1 2 4  
I  I I 

_ - _ _ _ _ - - - _ I  --------__________I__________I__________/_______-I---I-----Il---------- 
I I I 

V1TAM.-C I 7.30CE+101 2.535E+071 1.031E+06 
1 I I 

VITkl4.-C I 7 . 4 8 2 E + l F I  3 .103E+071 9 .608E+05 
I I I 

RAOHEAT 1 4 .565€+091 6.481E+061 4.475E+05 
i I I 

RAeEL I h .200E+101 1 .630€+071 3 .870E+05 
I  I I 

PP0P.-DO I b .200E+101 1 .700E+071 3.920E+05 
I I I 

PROP.-91 I 6 .720E+101 2 .350L+071 6 .260 t+05  

TABLE 2 b i s  



VIT+iM.-C 1 6.252E+13 
I 

VITAM.-C 1 6.566E+13 
I 

RADHEAT I h.962€+13 
I 

I I 
MESh 20 1 MESH 62 1 

I I 
__-_---_--I--_------- I 

I I 
2.374E-041 2.921E-OSI 

- I I 

TABLE 3 



I I I 
I FAST fLUX 62 I TOTAL FLUX 6 2  I TOTAL FLUX 1 8 7  I 

I I I i 

I I I I 1 - I I I I 
1 5  I 0.0 I 0.0 1 0.0 I-1.009E-~11-4~a65€-02l-1.496E-011-1.251-01 0 .510E-021 -4 .002E-02 ;  

I I I I I - I I I I 
----------I----------I----------I----------l----------\----------~----------~----------~-----~----l---------- I 

I I I I ! I I I I I 
SUM i-6.183E-02~-8.979E+OOl-~.U41t+OOl-o.l43E-U~l-b.O63E+OOl-6.b77E+OOl-5.526E-Oll-b.O77E+OOl-~.~3O~~0Oi 

I 1 I I I - . I  I I I ! 
----------1----------I----------I----------~----------~----------~----------~----------~----------l----------! 

TABLE 4 - & I T i V l T Y  COEFFICIENTS FE 





I I .  I I I I I I 1 I 
GROUP I ABSORPT. I SCATTER. I TOTAL I ABSORPT. I SCATTER. 1 T OTAL I AOSORPT. I SCATTER. I .TOTAL I 

I I I I I I I I I I 
---_--_---I----------I----------I---------~~----------~----------~----------[----------(----------~----------: 

I I I I I I I I I 
1 I-3.726E-031-1.32OE-02I-1.692E-O2I-1.17GE-~3l-3.4b~E-O3l-4.643E-O3l-l~246E-O3l-3~7l9E-O3l-4~96SE-O3 .- 

I I I I I I I I I 
2 1-5.305E-031-4.630E-021-5.360C-021-1.h85E-O3l-l.22OE~~2l-l.38QE-O~l-l~785E-O3l-l~3l2E-O2l-l~4YlE-OZ~ 

I I I I I I I I I. 
3 1-3.93bE-031-1.368t-Oll-1.4O~E-01I-1.1O9~-03l-2.97lE-O2l-3.OQlE-O2l-l~l82E-O3l-3~226E-O2l-3.344E-O2! 

I I I I I I I I I 
4 1-3.909E-031-2.496E-011-2.535E-O1~-1.O15~-O3l-~.S3lE~O2l-4.632E-O2l-l~085E-0~3l-4~963E-O2l~5~O72E-O2 

___-------I----------I----------I----------~----------~----------~----------[----------~----------~--~-------; 
I I I I I I I I I i 

SUM I-2.525E-OEI-1.475E+OUI-1.5O1E*OOI-l.420E-Oll-l.934E+OOl-2.O76E+OOl-l.296E-Oll-l.94OE+OOl-2.~7~E+OO1 
I I I I I I I I I I 

,,--------I----------I----------I----------~----------~----------~---------~l----------l----------~----------~ 

a TABLE 6 - SENSITIVITY COEFFICIENTS 





8 - SENSITIVITY COEFFICIENTS 



GRP. 

1 

2 

3 

4  

5 

6 

7 

8 

9 

.10 

11  

12 

1 3  

1 4  

15 

S E f J S I T I V I T Y  T O  ANGULAR S O U R C E  

ANGLE 
N = l  N = 2  

0.0 1 . 9 2 6 0 U E - 0 b  

0 

TABLE 9 - S E N S I T I V I T Y  TO THE SOURCE 



ST. DEV. I 1 . 4 7 0 E - 0 2 1  3 . 2 5 1 E - 0 3 1  3 . 2 5 6 E - 0 4 1  3 . 5 6 5 k - 3 4 1  4 . 1 9 5 E - 0 4 1  9 . 6 8 2 E - 0 5  
I I I I I I 

TABLE 10 - Fe 6% 



V1Tkt-l.-C 

VITAl4.-fl 

RADtiEAT 

BABEL 

PROP.-DO 

PROP. -D 1 

EURLIB 

UKAEA 

----------I----------[---------- 
I I 

GROUP 10 1 GROUP 11 I GROUP 1 2  
I I 

----------(----_-----I---------- 
I I 

8.272E-031 7.711E-031 1.291E-0'2 
I I 

7.617E-031 8.548E-031 1.035E-02 
I I 

5.625E-031 R.699E-031 1.225E-02 
I I 

9.628E-031 8.161E-031 1.308E-02 
I I 

1.054E-021 6.67017-031 1.247E-02 
I I 

1.044E-C2I 6.645E-031 1.210E-02 



V I T A M . - C  

V1TAM. -T  

R A D H E A T  

U A R E L  

PROP.-PC 

PROP.-C1 

E U R L I f i  

U K A E A  

1 - F e d  5 





-----_----I --------__________I__________I__________/_______-IIIIIIIIIII~----------~--_------- 
I I I I 

DATA SET I GROUP 1 I GROUP 2 1 GROUP 3 1 GROUP 4 
I 
I 
I 
I 
I 
I 
I 

EADHEAT 1 7.867E-04 1 2.423E-03 
I I 

BABEL I 1.451E-021 3.843E-C3 
I I 

PROP.-DO I 1.143E-021 3.535E-03 
I I 

PROP.-Dl 1 1.135E-021 3.532E-03 
I I 

EURL.10 1 1 . 660 t -021  3.844E-03 
I I 

UKAEA 1 7.377E-031 1.b16E-$3 
I I 

__________I-_____-___________I__________I____________________I__________I__________IIIIII-IIII 

TABLE 12 



I I I I I I I I 
DATA SET I G ROUP 9 1 GROUP 10 1 GROUP 11 I GROUP 12 1 GROUP 13 1 GROUP 1 4  1 GROUP 1 5  1 

I I I I I I I I 

RADHEAT 

BAEEL 

PROP.-DO 

PROP. -D 1 

EURLIR 

UKAEA 

TABLE 12 (Contd.) - Cr % 



B A B E L  

P R O P . - D C  

P R O P .  - D l  

E U R L I U  

TABLE 13 - Cr 03 



I 
_ _________) ---------- 

I 
VITAMe-C I +.998E+00 

I 
V1TAM.-C 1 4.685E+00 

I 
RADHEAT I 4.8S4E+00 

I 
BABEL 1 4.956E+00 

I 
PROP.-DO 1 4.917E+00 

I 
PROP.-Dl 1 4.728E+00 

I----------[---------- 
I I 
I GROUP 11 I GPOUP 12 

EURLIB 1 5.667E+OOl 5.866E+001 3.10@E+00 
I I I 

1 I 
MEAN I 4.953E+OOl 4.485E+00 

I I 
ST. DEV. I 3.035E-011 6.159E-31 

I I 
GROUP 14 1 GROUP 15 1 

I I 
----------I---------- I 

I I 
4.382€+00l 4.344E+OOl 

I I 
4.377E+031 4.353E+OOl 

I I 



I I I I I 
RADHEAT 1 9.306E-041 2.510E-031 5.562E-031 7.548E-031 7.536E-33 

BABEL 

PROP.-DO 

PROP.-Dl 

EURLIt? 

UKAEA 

TABLE 14 - Ni LI-L 



V 1 T A M . - C  1 1.456E-02 
1 

V I T A M e - E  1 1.443E-02 
I 

R A D H E A T  I 1.460F-02 
I 

B$EEL 1 1.485E-02 

I I I I I I I 
ST. D E V .  1 4.334E-041 1.89YE-031 5.221E-031 1.968E-031 4.291E-041 4.062E-031 

TABLE 14 (contd.) - N i  





______-_-_I-___-_____________I__________I____________________I__________I__________IIIIIIIIIII 
I I 

DATA SET I GROUP 9 1 GPOUP 1 0  
I I 

-___-_-_-_I  ---_-_____________I__________I____________________I__________I__________IIIIIIIIIII 
I  I 

VITAMe-C I 6.30Z'E+031 7.862E+00 
I I 

V1TAM.-C 1 6.274E+00 
I 

RAOHEAT I 6.281E+00 
I 

BABEL I 6.23CE+O5 
I 

PROP.-DO I 6.208E+00 
I 

PROP.-Dl 1 5 .446E+00 
I 

EURLIB 1 6 .386€+00 
I 

I 
I 

UKAEA 1 7 .387€+031 5.937F+OOl 2 . 4 0 1 t + 0 1  
I I I 

----------I----------[----------l---------- 
I I I 

ME A E l  1 6.314E+OOl 8.127E+SOI 2 .536F+01  
I I 

ST. DEV. 1 5.253E-011 5 

TABLE 15 (contd.) - N i  us 



V1TAM.-C 

V ITAMe-T  

!?ADHEAT 

RAEEL 

P 9 0 P  .-PO 

PROP.-Dl 

EIJPLIU 

UKAEA 

----------I ---------- 
I 

t.! E A N 1 1 . 9 2 3 F - 0 2  
I 

S T .  DEV. 1 8 .592E-03  
I 

TABLE 16 - Na in Lat. Sh. dL 



I I I 
BABEL 1 9.459E-041 2.568E-031 2 . 3 0 7 ~ - 0 4  

I I I 

EURLIR 1 9.221E-041 8.465E-031 2.305E-04 

I I 
GROUP 1 4  1 GROUP 1 5  1 

I I 
.---------I---------- I 

I I 
1.323E-021 5.191E-021 

I I 
1.278E-021 5.162E-021 

I I 
1.318E-021 5.254E-021 

I I 
1.319E-021 5.122E-021 I 

TABLE 16 (contd.) Na in Lat .  Sh. 6, 



V 1 T A M . - t  I 1.877E+001 2 .349E+00 l  2.7GAE+00 
I I  I 

RAOHEAT 1 1 .325E+031 2.345F+OuI  2 .704E+00 

I 
UKAEA I 1 .741E+00 

I 
_ _ _ - _ _ _ _ - - /  ---_-_-_-- 

I 
M E A N  I l .E28E+00 

I 
S T .  DEV. 1 5 .540E-02 

I  
W---,------I ---------- 
A 

1=3 .*... 
. ..,% .. 
.r--. 

,-.y 
L-., 
. . . ...,.- 
. -. 

TABLE 17 - Na i n  Lat. Sh .  QS 



I 
DATA SET I GROUP 9 

I  
___..____-_I ---------- 

1 
V1TAM.-C 1 3 .687E+00 

I 
VITAM.-T I 3.697E+OO 

I 
RADHEAT I 3.68OE+00 

GROUP 1 0  

4 .577E+00 

4.686E+OO 

4.595E+00 

_ _ _ _ _ _ _ _ _ - I _ _ _ _ _ - _ - - - I I I I I I I I I I I  
I I 

GROUP 11 I GROUP 1 2  1 GROUP 1 3  
I I 

- - _ _ - _ _ _ - - I - - - _ _ _ _ - - - I I I I I I I I I I -  
I I 

4.031E+001 1.381E+011 3 .634€+00 
I 

- 
I 

4 .215 t+OOl  1 . 3 0 6 E + O l l  3.633E+00 -. 
I I 

GROUP 1 4  

3.141E+00 

3.145E+00 

3.142E+eO 

I 
GROUP 15 1 

I ---------- I 
I 

3.171E+001 
I 

3.172E+001 
I 

3.16OE+001 
I I 
I 3 . 9 8 3 ~ + 0 0 i  l . 4 2 7 ~ + 0 l  i 3.623E+OO 1 

I I I I I I I I 
BABEL 1 3 .668E+001 4.459E+OOl 4.032f+OOl 1.345E+01l  3 . 6 2 3 € + 0 0 l  3 . 1 4 2 € + 0 0 l  3.163E+OOl I 

I I I I I 
I PROP.-DO I 3 . 6 6 5 f + 0 0 l  4 . 4 3 2 ~ + 0 o i  4 . 0 5 4 ~ + 0 0 i  1 . 2 1 3 ~ + 0 1  

I I I I 
PROP.-Dl 1 3 .550L+001 4.152E+001 3 .744E+00 l  1 .147E+01 

I I I I 
EUHLIR 1 3 .689E+001 4.923E+OOl 4 .020€+001 l r 5 0 7 E + 0 1  

I I I I 

I I I 
MtAN I 3.661E+OOl 4 .554 t+OOl  4.033E+00 

I I I 
ST. DEV. I 4.754E-021 2.213E-011 1.428E-01 

I I I 
_-_-____-_I-_-_-_-___________I__________/__________I_________________I__________/__________I_______~----_-----IIIII-II--- 

TABLE 17 (contd.) - Na in Lat .  Sh. &r 





I I I I I I I 1 
CATA SET I GROUP 9 1 GPOUP 16 I GROUP 11 1 GROUP 1 2  1 GROUP 1 3  1 GROUP 14 1 GROUP 1 5  1 

I 1 I I I I I 
I 
I 
I 
I 
1 
I 

RADHEAT 1 6.519E-041 1.476E-031 2.3256-34 
I I I 

BABEL I 8.460E-041 2.677E-031 2.336E-04 
I I I 

PROP.-30 1 7.588E-041 2.102E-031 2.356E-04 

TABLE 18 (contd.) Na i n  Na tank 6- 



VITAMm-C I 1 . 6 7 t F + 0 0 1  2.283E+00 
I 1 

V1TAM.-F 1 1 . 747E+00 l  2 .361F+00 
1 I 

RAOHEAT 1 1 .743€+001 2.382E+00 
I I 

BABEL 1 1.695E+OOl 2 .336E+00 
I I 

PROP.-DO I 1 .314E+001 2.544E+00 
I I 

PROP.-Dl I  l . ? l b E + 0 0 1  2 .532€+00 
I I 

E t i R L I 8  I l . h 6 2 E + 0 0 1  2 .399€+00 

TABLE 19 - Na i n  Na tank 
S 



_ _ _ _ _ _ _ _ _ _ i  ---_------ 1____-__-__1-_---__1__________1__________l__________l______1__________1__________l__________l______1__________1__________l__________l______I-IIIIII---IIIIIII-_--~--__------~---------- I 
I I I I " I I I I 
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PART I1 

1 - I n t r o d u c t i o n  

The f o l l o w i n g  ana lys i s  o f  some o f  t h e  major r e s u l t s  o f  t h e  LMFBH 

benchmark exerc ise  was made u s i n g  the  f i f teen-group c ross  s e c t i o n  s e t s  

prov ided by the pa r t i c i pan ts .  These c ross  sec t ions  are  e x p l i c i t l y  g iven i n  

aome o f  the  tab les  i n  Pa r t  I o f  the  present  document. For t h e  sake o f  

s i m p l i c i t y ,  some o f  t h e  data a l ready prov ided i n  Par t  I a r e  dup l i ca ted  i n  

aome t a b l e s  o f  Pa r t  11. 

a The benchmark s p e c i f i c a t i o n s ,  t h e  responses requested and t h e  

f i f t e e n  energy group s t r u c t u r e  can be found i n  Annex I o f  t h e  present  

document. 

2 - GENERAL FEATURES OF THE NEUTRON DATA LIBRARIES 

The benchmark s o l u t i o n s  ob ta ined up t o  now are  l a r g e l y  based on 

ENDF/B data  : 

- VITAMIN - E ( o R N L ) . ~ ~  ENDF/B ve rs ion  5 
- VITAMIN - C (ORNL) ; JSD-100 f i l e  data (RADHEAT - Japan), EURLIB, BABEL & 

a PROPANE-Do data  (CEA/CNEN so lu t i ons )  a re  based on ENDF/B ve rs ion  4. 

On t h e  con t ra ry ,  t h e  PROPANE - D l  da ta  are  ad jus ted  data based on 

neutron propagat ion  experiments. Moreover, UKNDL data were used (UKAEA data).  

Three main types o f  data processing methods have been used : 

1 - l/It type  of we igh t ing  t o  process cross sec t ions  from t h e  p o i n t  

d a t a  t o  mu l t i g roup  data (VITAMIN - C and E, RADHEAT data /2,3,4/). 

2 - U l t r a f i n e  f l u x  weight ing,  m ix tu re  dependent, t o  take  i n t o  account 

severa l  s e l f - s h i e l d i n g  e f f e c t s  (BABEL data) /5/. 



3 - S t a r t i n g  from data o f  method 2, a  successive space dependent s h i e l -  

d i n g  procedure can be used t o  f u r t h e r  reduce the  number of energy 

groups. Th is  procedure was app l i ed  t o  produce t h e  PROPANE Do formu- 

l a i r e  da ta  /6/. 

The PROPANE D l  data are based on t h e  PROPANE Do f o rmu la i re ,  b u t  are 

ad jus ted  on neutron propagat ion experiments i n  sodium/steel mixtures,  i n  

t h e  framework o f  t h e  CEA/CNEN Cooperation /7,8/. 

The UK data, suppl ied by McCracken and M i l l e r ,  inc luded a lso  continuous 

Monte Carlo ca l cu la t i ons ,  based on UKNDL data, us ing the Monte Carlo DUCKPOND 

code. 

3 - M A I N  RESULT DESCRIPTION 

The main r e s u l t s  a re  shown i n  tab les  1 - 3. 

3 . 1  TOTAL FLUX AND THE-SODIUM CAPTURE RATE (Table 1) 

I 

Responses 

The t o t a l  f l u x  and t h e  sodium capture r a t e  r e s u l t  d ispers ions  are  
I 

f a i r l y  l a rge ,  i n  p a r t i c u l a r  f o r  t h e  Na (n,y) capture r a t e  (sometime, 

more than a f a c t o r  o f  two). I n  f a c t ,  one would expect a lower d i spe rs ion  - 
i n  view o f  t h e  common o r i g i n  o f  many data sets. 

I n  f a c t ,  two groups o f  s o l u t i o n s  seem t o  be present ,  namely t h e  

group o f  s o l u t i o n s  based on the  l/tt - type o f  processing, and t h e  group 

based on u l t r a f i n e  group f l u x  weight ing,  which g ive  c o n s i s t e n t l y  lower 

f l u x  values. 

I n  p a r t i c u l a r ,  lower f l u x  values (2. 30 + 40 %) are observed i n  t h e  

l a t e r a l  sh ie ld ,  and t h e  discrepancy stays more o r  l e s s  constant  i n  t h e  

sodium tank  up t o  t h e  heat  exchanger (mesh 187). This seems t o  i n d i c a t e  

t h a t  a poss ib le  r o l e  i s  p layed by t h e  s ta in less -s tee l  cross s e c t i o n  

processing. Pure sodium cross  s e c t i o n  are  presumably l ess  a f f e c t e d  by 

t h e  processing procedure (l/.Zt o r  u l t r a f i n e  f l u x  weight ing f o r  a pure 

sodium mix ture ,  be ing  very  c lose) .  9 1 [I l. ;, ;,! ij ' ., 



I n  f a c t  t h e  a d d i t i o n a l  discrepancy between BABEL and VITAMIN - C on 

%ot i n  t h e  sodium t a n k  ( i . e .  between mesh 62 and 187) i s  % 15 %, i . e .  

o f  t h e  some order  o f  magnitude found between two l /Z t  - weighted data  

se ts  (RADHEAT and VITAMIN - C da ta  a t  mesh i n t e r v a l  187). It i s  wor th  

n o t i n g  t h a t  t h e  ad jus ted  da ta  t e n d - t o  increase s u b s t a n t i a l l y  t h e  ca lcu-  

l a t e d  unadjusted r e s u l t s .  

3.2 HIGH ENERGY RESPONSES (TAB. 2) 

The h i g h  energy responses (a > 100 KeV and t h e  s t a i n l e s s - s t e e l  

damage response, DPA) show a l so  l a r g e  d ispers ions .  I n  p a r t i c u l a r ,  as i t  

cou ld  have been expected, t h e  h i g h  energy f l u x  a t  deep pene t ra t i on  i s  

s t r o n g l y  a f f e c t e d  by  bo th  data and processing method d i f f e rences .  D i f f e -  

rences on t h e  DPA response i s  somewhat lower, due t o  t h e  low energy 

neut ron  c o n t r i b u t i o n  a t  deep penet ra t ion .  

Moreover i t should be noted t h a t  some incons is tency  can e x i s t  i n  

t h e  da ta  presented, s ince  bo th  i r o n  and s t e e l  DPA data are  sometime 

I .  quoted. 

3.3 y - HEATING AND n - HEATING DATA (TAB. 3) 

The y - hea t i ng  data are  f a i r l y  cons i s ten t ,  i n  p a r t i c u l a r  i f  da ta  

up t o  mesh 62 are  considered and which are  shown i n  t a b l e  3. The neutron 

hea t i ng  da ta  a r e  a l s o  cons i s ten t ,  except f o r  t h e  RADHEAT data  a t  

mesh 62. 

I n  sumary b o t h  method and data  i n f l u e n c e  t h e  comparison among t h e  

d i f f e r e n t  so lu t i ons .  I n  sec t i on  4 some r e s u l t s  o f  s e n s i t i v i t y  ana lys i s  

w i l l  be used t o  p o i n t  o u t  major da ta  unce r ta in t y  e f f e c t s  and i n  sec- 

t i o n  6 some method r e l a t e d  e f f e c t s  w i l l  be examined. 



4  - SENSITIVITY ANALYSIS 

S e n s i t i v i t y  c o e f f i c i e n t s  were requested f o r  bo th  t h e  o r i g i n a l  group 

s t r u c t u r e  ( i . e .  c o n s i s t e n t  w i t h  t h e  mul t ig roup data used) and f o r  t h e  

reduced 15 energy group s t r u c t u r e .  A remarkable agreement i s  found i n  

bo th  t h e  shape and t h e  'numerical values o f  the  s e n s i t i v i t y  p r o f i l e s ,  

which were c a l c u l a t e d  b a s i c a l l y  from two d i f f e r e n t  code systems, t h e  

SWANLAKE /9/ system, and t h e  SAMPO System / l o / .  

I n  Pa r t  I o f  the  present  paper, some s e n s i t i v i t y  c o e f f i c i e n t s  are p r o v i -  

bed i n  tab ies  4-3 f o r  the  d i f f e r e n t  i s o t o ~ e s  (Fe. C r ,  N i  and Na, both i n  t h e  
l a t e r a l  s h i e l d  and i n  t h e  Na tank) .  These are reg ion  i n t e g r a t e d  values 

r e l a t i v e  t o  t h e  f a s t  f l u x  a t  mesh 62 and t o  the  t o t a l  f l u x  a t  meshes 62 

and 187. 

The f o l d i n g  o f  these s e n s i t i v i t y  c o e f f i c i e n t s  and o f  t h e  15 energy 

group cross s e c t i o n  da ta  supp l ied  by t h e  p a r t i c i p a n t s  g ives  an i n d i c a -  

t i v e  exp lanat ion  o f  t h e  d iscrepancies observed i n  t a b l e s  1 - 3. For  

example, some r e s u l t s  o f  t h i s  exerc ise  are  shown i n  t a b l e s  20 and 24, 

where t h e  VITAMIN - E/BABEL discrepancies are shown group-wise f o r  t h e  

f a s t  f l u x  and the  t o t a l  f l u x .  

The t o t a l  e f f e c t s  ( t a b l e  10) a re  f a i r l y  rep resen ta t i ve  o f  t h e  exac t  

discrepancy data  o f  t a b l e  1 and 2, even i f  some non- l inear  e f f e c t s  and e -  group s t r u c t u r e  dependent e f f e c t s  a re  a l so  present  : 

/ D ISCREPANCY BETWEEN VITAMIN - E  AND BABEL 

I Based on d i r e c t  c a l c u l .  I Based on sens 15  g  ca l c .  

To ta l  f l u x  a t  
mesh 187 

Fast f l u x  a t  
mesh 62 

To ta l  f l u x  a t  
mesh 62 

107 % 

58 % 

48 % 

34 % 



The r e s u l t s  fo r  the  t o t a l  f lux response of the  tab les  show the 

predominant ro l e  played by the  iron data ( t ab le  20) in  par t i cu la r  the 

sca t te r ing  data below - 300 KeV and the  capture data i n  the  region below 

1~ 2 KeV. Self-shielding e f f e c t s  could be a t  the  or igin  of some of the  

observed discrepancies. 

In the  case of the. f a s t  f lux response, the  iron data indicate  a 

strong e f f e c t  of the  sca t te r ing  data below 1.35 MeV. Since Fe i ne l a s t i c  

cross  sect ions  a r e  d i f f e r en t  from zero only in the  f i r s t  four  groups of 
1 the  15 energy group s t ruc tu re ,  these e f f ec t s  a re  mainly due t o  e l a s t i c  

scat ter ing.  Discrepancies of the  order of 10 % in  the  s ca t t e r ing  cross 

sect ions  produce the  observed f a s t  f 1 ux response discrepancy. 

a 
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5 - UNCERTAINTY ANALYSIS 

To compare t h e  observed d iscrepancies w i t h  the  expected discrepan- 

c i e s  on t h e  bas i s  o f  data u n c e r t a i n t y  assessments, i t  was requested t o  

t h e  p a r t i c i p a n t s  t o  f o l d  the  s e n s i t i v i t y  c o e f f i c i e n t s  w i t h  evaluated 

e r r o r  mat r ices .  The ORNC . r e s u l t s  i n d i c a t e  the  f o l l o w i n g  values, based on 

t h e  e x i s t i n g  ENDF/B - V u n c e r t a i n t y  f i l e s ,  and on t h e  ENDF/B - I V  based 

15 group covariances o f  D r i s c h l e r  and Weisbin /11/ : 

Uncer ta in t y  
on : 

Sodium A c t i v a t i o n  
a t  mesh 187 65 % 

ENDF/B - V ENDF/B - I V  

Unce r ta in t y  Carrel ati on Value Value 

Fe damage a t  
mesh 20 

No o the r  p a r t i c i p a n t  has supp l ied  a  cons i s ten t  est imate o f  data 

u n c e r t a i n t y  e f f e c t s .  However several  hypothesis can be made on data 

u n c e r t a i n t i e s  and i n d i c a t i v e  r e s u l t s  can be obta ined on the  unce r ta in t y  

o f  t h e  d i f f e r e n t  responses. For example t h e  f o l l o w i n g  data are  obta ined 

i n  t h e  case o f  t h e  t o t a l  f l u x  a t  mesh 187 : 
O L  

3 . 4  % 

25 % 31 % 

69 % 

4 % 



UNCERTAINTY ON 
u and u a s 

- 

The results obtained show the predominant role played by a, uncer- 

CORRELATION IN 
ENERGY 

- 
tainties and that only very large uncertainties on ua can be relevant in 

the global uncertainty assessement. Finally, the impact of correlations 

EFFECT ON TOTAL FLUX 
AT MESH 187 

is certainly very important, as it has been often stressed, even in the 

simplified calculations of the previous table. 



6 - METHOD EFFECTS 

The main s o l u t i o n s  a l lowed a l s o  t o  analyse t h e  impact o f  the  method 

approximations on t h e  benchmark c a l c u l a t e d  r e s u l t s .  The proposed r e f e -  

rence s o l u t i o n  had a  f i x e d  mesh s i z e  g r i d  (approximately 3 cm i n  s t e e l /  

sodium mixtures and 4 cm i n  sodium), SN o rder  N  = 4 and PI Legendre 

polynomial  expansion order .  

\ 
The p a r t i c i p a n t s  p rov ided data  obta ined i n  SI6, P3 and w i t h  a  

doubled space mesh g r i d .  

The r e s u l t s  are summarized i n  t a b l e s  45 and 46. The f o l l o w i n g  com- 

mentar ies can be made : 

- There i s  e x c e l l e n t  agrements between VITAMIN - E and BABEL ca lcu-  

l a t e d  e f f e c t s .  S i m i l a r  e f f e c t s ,  b u t  somewhat d i f f e r e n t  i n  absolute 

value,  a re  shown by RADHEAT c a l c u l a t i o n s .  

- Method e f f e c t s  sys temat i ca l l y  g i v e  h igher  c a l c u l a t e d  values w i t h  

respect  t o  t h e  s i m p l i f i e d  re ference model (* 20 % f o r  etot and 

on the  HE). @theq 

- High energy f l u x  i s  s t r o n g l y  a f f e c t e d ,  as i t cou ld  be expected, by 

method e f f e c t s .  * 
- Separate e f f e c t  ana lys is ,  show comparable order  o f  magnitude o f  the  

d i f f e r e n t  e f f e c t s  w i t h  a  s l i g h t  increase o f  SN e f f e c t s  w i t h  propa- 

ga t ion ,  except f o r  Pn and, more pronounced, space mesh s i z e  i n  the  

case o f  t h e  > 100 KeV response (up t o  a  f a c t o r  o f  4 g loba l  un- 

deres t imat ion  a t  mesh 187). 

I n  conclus ion,  method approximations seems t o  be s u f f i c i e n t l y  

understood. Major problems are  c e r t a i n l y  r e l a t e d  t o  the  c o r r e c t  modeling 

o f  3D geometr ica l  e f f e c t s .  



Finally , some processing e f fec t s  have been investigated. In par t i cu la r  
i n  t ab le  47 we have indicated the  e f f ec t  on some typical response functions 
of the  type of weighting used to  generate multigroup cross section.  

The influence of the  f i n e  weighting spectrum is large and the  use of an 

appropriate method to  handle self-shielding seems t o  be mandatory. 

In t h i s  respect ,  the  Monte Carlo r e su l t s  provided by U K  and shown i n  

table  48 seem to  indicate t h a t  large discrepancies can be found i f  two widely 

d i f fe ren t  processing s t ra teg ies  a r e  used. This indication applies t o  low 
energy responses, the high energy responses being i n  f a i r l y  good agreement. 

Therefore, i f  no n~ r i i~a l i za t i on  problem ex i s t s  between the  ANISN and DUCKPOND 

calculat ions ,  the  resu l t s  seem t o  indicate  a larger  self-shielding of reson- 

ances i n  the Monte Carlo calculations.  Several part icipants a t  the meeting 
expressed t h e i r  intention t o  perform more comparisons of t h a t  type. 

Concerning the processing of sca t te r ing  data,  we have com- 

pared i n  the  15 group s t ruc ture ,  the  r e su l t s  obtained by two d i f f e r en t ,  

widely used codes t o  generate multigroup data ,  SUPERTOG and MC' - 2. 

Table 42 presents the  r e s u l t s  obtained fo r  Fe. The i n e l a s t i c  sca t te r ing  ' 

data compare f a i r l y  wel l ,  with the  exception of the  data close t o  the  

i n e l a s t i c  threshold. No major e f f ec t  was found in  the  deta i led i ne l a s t i c  

matrix comparison. 

In the  case of e l a s t i c  sca t te r ing ,  we have compared both the  

e l a s t i c  u 
j + j  

and o j  , j+l data fo r  Fe. The i n f i n i t e  d i lu t ion  data show 
the  e f f e c t  of the  d i f f e r en t  algorithms of the  two codes. The a .  J + j are 
in  general good agreement with the  exception of group 9 (273 - 67.4 KeV) 

where a discrepancy of * 8 % i s  observed. Larger discrepancies a re  found 

i n  the  e l a s t i c  removal da ta ,  o j  , j+l, where, in  the  intermediate range, 

10 t 20 % differences  a re  often found. 

Even i f  i t  i s  d i f f i c u l t  t o  draw general conclusions from the  data 

presented, there  i s  evidence of the  well known d i f f i c u l t y  of assessing 

the  uncerainty associated t o  the  data processing codes, both from the 

point  of view of comparing d i f f e r en t  multigroup processing codes /12/, 

and from the  point  of view of comparing d i f fe ren t  data processing s t r a -  

t eg ies  /13/. 



7 - CONCLUSIONS 

A t  t h e  present  stage, more da ta  should be compared and a more deep 

i n s i g h t  i n  many o f  t h e  observed r e s u l t s  i s  necessary. Th is  w i l l  be the  

main o b j e c t i v e  o f  t h e  coming s p e c i a l i s t  meeting. 
.. . 

However, t h e  present  p i c t u r e  i n d i c a t e s  a somewhat improved s i t u a -  

t i o n  i n  data d i spe rs ion ,  w i t h  respect  t o  the  prev ious Vienna 1976 

meeting. 

Since t h e  data analysed so f a r  a re  i n  general r e l a t e d  t o  t h e  ENDF/B 

f i l e s ,  the  main d iscrepancies observed are due a) t o  data processing 

methods and b) t o  t h e  e f f e c t s  o f  da ta  adjustments on the  bas is  o f  i n t e -  [ 

g r a l  experiments. The method approximations seem t o  be w e l l  understood, 

even i f  they are  d i f f i c u l t  t o  e x t r a p o l a t e  t o  more complex geometries. 

The use o f  t h e  s e n s i t i v i t y  ana lys i s ,  now a very w e l l  es tab l i shed  

technique, w i l l  he lp  i n  i d e n t i f i n g  areas o f  u n c e r t a i n t i e s  and needs f o r  

improvements. 

F i n a l l y ,  t h e  sub jec t  o f  t a r g e t  accuracies has no t  been e x p l i c i t e l y  

touched i n  t h e  benchmark exerc ise .  It w i l l  be o f  i n t e r e s t  t o  evaluate 

t h e  poss ib le  impact o f  t h e  d iscrepanc ies  observed i n  t h e  benchmark 

exerc ise  on t h e  assessement bo th  of t h e  present  s t a t e  o f  da ta  uncer- 

t a i n t i e s  and on t h e  design t a r g e t  accuracies.  
a 

It seems i n  f a c t  t h a t  u n c e r t a i n t i e s  o the r  than data  u n c e r t a i n t i e s  

should be taken i n t o  account i n  a g loba l  unce r ta in t y  assessement. I n  

t h i s  perspect ive ,  t h e  n o t i o n  o f  des ign  t a r g e t  accuracy cou ld  p o s s i b l y  

evolve t o  take i n t o  account t h e  need f o r  d e f i n i n g  appropr ia te  b i a s  

f a c t o r s  on the  major q u a n t i t i e s  o f  i n t e r e s t .  
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TABLE 45 

GLOBAL METHOD APPROXIMATION EFFECTS 

P (Ax/2)) (s4 Ax * S16 3 

VITAMIN - E 

RADHEAT 

BABEL 

1.008 

1.010 

1.0 

VITAMIN - E 

RADHEAT 

BABEL 

1.103 

1.073 

1.122 

- 

20 

1.012 

1.011 

1.008 

1.149 

1.104 

1.148 

t 

62 

1.212 

1.189 

1.204 

1.214 

1.154 

1.209 

20 

1.010 

1. 

1.010 

20 

1.007 

1. 

1. 

124 

1.711 

1.61 

1.741 

62 

1.152 

1.083 

1.140 

1.009 

1.996 

1.0 

62 

1.098 

1.112 

1.100 

187 

3.81 

4.23 

3.87 

1.189 

1.047 

1.202 

I 

1.100 

1.041 

1.089 

1.137 

1.044 

1.140 



' t o t a l  

TABLE 46 

SEPARATE METHOD APPROXIMATION EFFECTS 

P1 ') P3 

'4 '16 

Ax -t Ax/2 

Co ( n , ~ )  

62 

1.025 

1.021 

1.049 

DPA 

62 

1.06 

1.082 

1.003 

@ > 100 KeV 

187 

1 . 4 1  

1 .05  

2.57 

62 

1.098 

1.099 

1.004 

124 

1.27 

1.087 

1.237 



Case 1 

Case 2 

Case 3 

Reference case : 

Case 1 : 

' to ta l  

I 

Case 2 . : 

Case 3 : 

Fe, C r ,  N i  and Na weighted i n  a 50/50 SS/Na m ix tu re  

spectrum 

'th eq 

Fe weighted i n  a 100 % Fe spectrum. The o the r  i s o -  

topes as re ference 

Fe weighted i n  a 100 % SS spectrum. The o the r  i so -  

topes as re ference 

@> 820KeV 

Fe, C r ,  N i  as i n  case 2. Na as i n  reference 

TABLE 47 

@> 14KeV 

- 



Response 

+ > O . ~ M ~ V  
DP A 

DPA 

23 
Na ( n  g) 

59 
Co(n.iy) 

2 3 5 ~ ( n , f )  

I MESH I 
Method t 20 I 62 1 124 1 187 

ANISN 1 1.37 + 14 f 1.29 + 10 1 1.67 + 7 1 2.74 + 4 

ANISN 

DUCKPOND 

DUCKPOND 1.35 + 14 1.57 + 10 - t - 

4.03 + 11 

ANISN 

DUCKPOND 

ANISN 

DUCKPOND 

ANISN 

TABLE 48 

1.92 + 7 

DUCKPOND 

UK r e s u l t s  us ing  a)  ANISN and 1/S+ we igh t ing  f o r  i r o n  ( 1/E f o r  o t h e r  i s o t o p m  
and b) cont inuous Monte Car lo  (DUCKPOND code). The s t a r t i n g  da ta  f i l e  i s  the 
same (UKNDL) f o r  t h e  two ca l cu la t i ons .  

5.47 + 10 

- 
2.43 + 13 

- 

2.28 + 1 

3.89 + 11 

- 

2.15 - 5 

- 2.07 + 7 

- / 2.70 t 9 4.06 + 6 

- 

1.33 + 3 

3.87 + 3 

9.55 + 4 

2.75 + 5 

2.76 + 7 8.07 + 5 

1.27 + 6 

- 

7.21 + 13 1 3.33 + 10 

2.59 t 6 

8.01 + 8 

8.62 + 9 

- 
7.21 + 7 

2.02 + 8 



TABLE 49 

Group 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

FE INFINITE DILUTION DATA PROCESSED BY SUPERTOG AND M C ~  - 2 

SUPERTOG 

j 
'i nel  

1.506 

1.165 

0.784 

0.264 

- 

MC' - 2 

j 
'i nel  

1.511 

1.142 

0.755 

0.193 

- 

ue1 + 

2.008 

2.178 

2.148 

2.509 

1.976 

3.188 

3.439 

2.092 

4.064 

5.367 

11.148 

7.387 

9.916 

11.245 
- 

oe,(j+l) 

0.076 

0.128 

0.103 

0.097 

0.316 

0.517 

0.159 

1.327 

0.018 

0.593 

0.119 

0.133 

0.200 

0.136 
- 

uel(j+j) 

2.004 

2.174 

2.147 

2.525 

1.959 

3.191 

3.366 

2.054 

4.410 

5.341 

11.229 

7.379 

9.897 

11.248 
- 

- 
oel(j+U 

- 
0.079 

0.157 

0.104 

0.125 

0.348 

0.547 

0.174 

1.430 

0.054 

0.584 

0.118 

0.133 

0.200 

0.136 
- 

- 



ANNEX I  

DEFINITION OF A FAST BREEDER REACTOR BENCHMARK CONFIGURATION 

FOR COMPARISON OF SHIELDING CROSS-SECTION DATA 

M. SALVATORES 

C E A ,  Cadarache, France 

- INTRODUCTION - 

The benchmark c h a r a c t e r i s t i c s  a r e  s p e c i f i e d  a s  

f o l l o w s  : 

- S e c t i o n  I -VI I  : benchmark s p e c i f i c a t i o n s  ( i n  

p a r t i c u l a r  f o r  

f o r  a l l  p a r t i c  

- S e c t i o n  V I I I  : 

s ~ e c i f i c a t i o n s  

t h e  f o r w a r d  f l u x  s o l u t  

i p a n t s )  ; 

u n c e r t a i n t y  and s e n s i t  

( o p t i o n a l  ) .  

i o n ,  r e q u i r e d  . 
i v i t y  a n a l y s i s  

I  - G E O M E T R Y  A N D  COMPOSITIONS - - 
They a r e  d i r e c t l y  o b t a i n e d  f rom t h e  p r e v i o u s  Ben- 

chmark d e f i n i t i o n  / I / ,  a s  w e l l  a s  t h e  s p a c e  d e s c r i p t i o n  ( s e e  

Appendix I ) .  

I 1  - SOURCES - 

The s o u r c e  s p e c t r u m  i s  t h e  same of r e f e r e n c e  / I / ,  

b u t  w i th  t h e  h y p o t h e s i s  of an i s o t r o p i c  a n g u l a r  d i s t r i b u t i o n , .  

t o  a l l o w  c a l c u l a t i o n  a t  d i f f e r e n t  a n g u l a r  q u a d r a t u r e  o r d e r s .  

The s o u r c e  s p e c t r u m  i s  g i v e n  i n  t h e  100 g roup  

s t r u c t u r e .  Both a r e  g i v e n  i n  Appendix 11.  The 100 g roup  s t r u c -  

t u r e  ( D L C - 2 )  i s  c o n s i s t e n t  w i t h  t h e  f o l l o w i n g  w i d e l y  used 

l i b r a r i e s  : 

VITAMIN-E ( 1 7 4  g r o u p s )  

VITAMIN-C ( 1 7 1  " ) 
E U R L  I B  ( 100 " ) 
B A B E L  ( 1 1 3  " ) 

P R O P A N E  ( 45 " ) 



If a  s o u r c e  r e d i s t r i b u t i o n  i n  a  f i n e  s t r u c t u r e  

s h o u l d  b e  n e c e s s a r y ,  we s u g g e s t  t h e  f o l l o w i n g  : 

w h e r e  I i s  t h e  100  g r o u p s  s t r u c t u r e  i n d e x  and  i t h e  f i n e r  

g r o u p  i n d e x .  

I 1 1  - TRANSPORT CALCULPTION - 

I f  t h e  ANISN c o d e  i s  u s e d ,  we s u g g e s t  t h e  

f o l l o w i n g  s e l e c t e d  o p t i o n  v a l u e s  : 

I B L  = IBR = 0  ( z e r o  b o u n d a r y  c o n d i t i o n s )  

IFLU = 3 ( w e i g h t e d  mode f o r  d i f f e r e n c e  e q u a t i o n s )  

c o n v e r g e n c e  t e s t s  
E P S  = l o - '  

The r e f e r e n c e  c a l c u l a t i o n  s h o u l d  b e  S4P1 w i t h  + 
t h e  a n g u l a r  c o n s t a n t s  o f  A p p e n d i x  111.  

I V  - C R O S S  SECTIONS - - 
It  i s  s u g g e s t e d ,  i n  o r d e r  t o  s i m p l i f y  t h e  i n t e r -  

l a b o r a t o r y  c o m p a r i s o n ,  t o  u s e  o n l y  o n e  c r o s s  s e c t i o n  s e t  - 
f o r  each  Benchmark  r e g i o n .  T h i s  w i l l  n o t  p r e v e n t  h o w e v e r  

t o  u s e  d i f f e r e n t  " i s o t o p e "  c r o s s  s e c t i o n s  i n  e a c h  r e g i o n  

( e . g .  d i f f e r e n t  Na c r o s s  s e c t i o n s  i n  t h e  PNL r e g i o n ,  i n  

t h e  p u r e  N a  r e g i o n  a n d  i n  t h e  HE r e g i o n ) .  



V - P A R A M E T E R S  T O  B E  STUDIED - 

The f o l l o w i n g  s p a c e - d e p e n d e n t  d i s t r i b u t i o n s  

shou ld  be c o n s i d e r e d  : 

- t o t a l  f l u x  

- t h e r m a l  e q u i v a l e n t  f l u x  : 

w i t h  E o  = .025 eV, E e n e r g y  c o r r e s p o n d i n g  t o  t h e  mean g roup  

l e t h a r g y .  a 
- i n t e g r a l  o f  t h e  f l u x  f o r  e n e r g i e s  > 100 KeV : 

- ( n , y )  c a p t u r e  r a t e  o f  2 3 ~ a  

- ( n , y )  c a p t u r e  r a t e  of " C O  

- damage i n  s t e e l  

- ( n , f )  f i s s i o n  r a t e  o f  235U 

- y and n e u t r o n  h e a t i n g  on t h e  l a t e r a l  s h i e l d  

(w/cm3 of  homogeneized c o m p o s i t i o n )  

For  a1 1 t h e s e  p a r a m e t e r s ,  s e l e c t e d  p o i n t  v a l u e s  
shou ld  be p r o v i d e d  a c c o r d i n g  t o  t h e  f o r m a t  of Appendix IV. 

The c a l c u l a t i o n  of t h e  2 3 ~ a  and 5 9 ~ o  c a p t u r e  r a t e s  

and t h b  2 3 5 ~  f i s s i o n  r a t e ,  s h o u l d  be per formed bo th  w i t h  i n -  

house r e s p o n s e  c r o s s - s e c t i o n  - and w i t h  r e s p o n s e  c r o s s - s e c t i o n  

d e r i v e d  from t h e  g e n e r a l l y  a v a i l a b l e  E N D F / B . V  f i l e s .  I n  t h e  

c a s e  o f  t h e  a t o m i c  d i s p l a c e m e n t ,  b e s i d e  i n - h o u s e  c r o s s - s e c t i o n s ,  

a  s t a n d a r d  d i s p l a c e m e n t  model ( e . g .  t h e  NRT model )  c o u l d  be 
u sed .  



VI - M E T H O D  TESTS - 
A few s i m p l e  method t e s t s  a r e  a l s o  s u g g e s t e d  i n  

o r d e r  t o  v e r i f y  t h e  i n f l u e n c e  of d i f f e r e n t  c r o s s  s e c t i o n  

d a t a  on method a p p r o x i m a t i o n s  : 

- a r e c a l c u l a t i o n  of t h e  r e f e r e n c e  w i t h  b o t h  

a  doub led  s p a c e  mesh-gri ,d and S I6  ( c o n s t a n t s  

i n  Appendix 1 1 1 )  

- a  r e c a l c u l a t i o n  of t h e  r e f e r e n c e  w i t h  P 3  o p t i o n .  

VII - TESTING O F  DIFFERENT CROSS-SECTION SETS - 

T o  s i m p l i f y  t h e  r e s u l t  i n t e r p r e t a t i o n ,  i t  i s  a s -  

ked t h a t  e v e r y  l a b o r a t o r y  p a r t i c i p a t i n g  t o  t h e  e x e r c i c e  

s h o u l d  p r o v i d e  ( a c c o r d i n g  t o  t h e  f o r m a t  d e s c r i b e d  i n  Appen- 

d i x  V) t h e  f o l l o x i n g  d a t a  : 

M i c r o s c o p i c  c r o s s  s e c t i o n s  by r e g i o n  : 

1 )  L a t e r a l  s h i e l d  : N a ,  F e ,  Cr, Ni 

2 )  Pu re  sodium : Na 

a i n  a  1 5  group  s t r u c t u r e  ( s e e  Appendix V I ) .  

T h i s  e n e r g y  s t r u c t u r e  i s  t h e  c l o s e s t  p o s s i b l e  t o  

t h e  ene rgy  s t r u c t u r e  of t h e  c o r r e l a t i o n  m a t r i c e s  p r o v i d e d  

by O R N L .  

The g r o u p  c o l l a p s i n g  s h o u l d  be per formed s t a r t i n g  

from t h e  r e f e r e n c e  c a l c u l a t i o n  and u s i n g  f l u x  w e i g h t i n g  a l -  

g o r i t h m s  ( o f  t h e  t y p e  used i n  ANISN). 



VII I  - SENSITIVITY A N D  UNCERTAINTY ANALYSIS - 

As a n  o p t i o n ,  b e s i d e  t h e  f o r w a r d  c a l c u l a t i o n  

d e s c r i b e d  i n  S e c t i o n  1 - 1 1 ,  t h e  p a r t i c i p a n t s  a r e  a sked  t o  
per form s e n s i t i v i t y  c a l c u l a t i o n s  f o r  t h e  f o l l o w i n g  t w o  
r e s p o n s e s  : 

- A t o m i c - d i s p l a c e m e n t  i n  i r o n  a t  mesh 20 ; 

- Sodium a c t i v a t i o n - r a t e  a t  mesh 187 .  

l e t h a r g y )  a r e  a s k e d  

s e c t i o n s  of Sodium, 

The p l o t t e d  s e n s i t i v i t y  p r o f i l e s  ( p e r  u n i t  

f o r  t h e  e l a s t i c  and n o n - e l a s t i c  c r o s s -  

I r o n ,  Chromium and N i c k e l .  

The s e n s  

100-group  s t r u c t u r e  

i n  S e c t i o n  VI I .  

S e n s i t i v  

i t i v i t y  can be c a l c u l a t e d  e i t h e r  i n  t h e  

o r  i n  t h e  15 -g roup  s t r u c t u r e  d e s c r i b e d  

t y  p r o f i l e s  cou ld  a l s o  be c a l c u  

f o r  t h e  o t h e r  r e s p o n s e s  g i v e n  i n  Appendix IV. 

Fo r  what c o n c e r n s  t h e  u n c e r t a i n t y  a n a l y s i  

O R N L  d a t a  (ORNL-5318 Repor t  by JD. Drischler and CR.1 

f o r  Sodium and I r o n  c o u l d  be used bo th  d i r e c t l y  i n  t 

a t e d  

s ,  t h e  

ble isbin  

he 15 

ene rgy  group s t r u c t u r e ,  or expanded a c c o r d i n g  t o  t h e  p r o c e d u r e  

s u g g e s t e d  i n  t h e  p a p e r  " P r e l i m i n a r y  v e r s i o n  of t h e  EURLIB 

v a r i a n c e - c o v a r i a n c e  m a t r i c e s " ,  by M .  Ha l l  ( p r e s e n t e d  a t  t h e  

r e c e n t  PARIS N E A  M e e t i n g ) , i f  t h e  s e n s i t i v i t y  a n a l y s i s  was 

per formed i n  t h e  o r i g i n a l  100 -g roup  s t r u c t u r e .  

F r a c t i o n a l  s t a n d a r d  d e v i a t i o n s  s h o u l d  be p r o v i d e d  

f o r  t h e  t w o  r e s p o n s e s  p r e v i o u s l y  m e n t i o n e d .  

R E F E R E N C E  / 1 /  : JY. B A R R E  : " ~ e n c h m a r k s p e c i f i c a t i o n s "  
s e e  1976 Vienna S p e c i a l i s t  Meet ing P r o c e e d i n g s  

9 7 [I ;,:; 3 i'..; 



SPHERICAL GEOMETRY AND COMPOSITIONS 

T A B L E  1 r Z O N E  

1  s h i e l d  

t a n k  

I I n n e r  Outer 
. a d i u s  

C M 

'SOURCE' LATERAL SHIELD' SODIUM TANK ' H E  ' SODIUM ' 
I I , 1 



T A B L E  2 

C o m p o s i t i o n  l a b e l  

% v / o  s s*  

% V / O  s o d i u m  

~ t o m s / c m ~  x 

S o d i u m  

I r o n  

N i c k e l  

I C h r o m e  

S o u r c e  a n d  
. a t e r a 1  s h i e l d  

- 

; o d i u m  t a n k s  

* 
S t a n d a r d  S S  : = 7 0  - 18 - 12 v / o  F e - C r - N i  



TABLE 3 

REFERENCE SPACE MESH G R I D  

ZONE Zone  T o t a l  mesh 
number  number  

S o u r c e  

L a t e r a l  s h i e l d  

Sod ium t a n k  

S o d i u m  

Number o f  T h i c k n e s s  Mesh number  m e s h e s  C M  
R a d i u s  

C M  



- A P P E N D I X  I I -  
..................... 

Group - 
1 
2 
3 
4 
5 :  
6 
7 
8 
9 

10  
11 
12 
13 
1 4  ' 
-1 5 
1 6  
1 7  

. . 18 
1 9  
2 0 
2 1 
22 
2 3 
24 
25  

. 26 
2 7  
28 
2 9 
3 0 
31 
32 
33 
34 
3 5 
36 
37 
38 
39 
4 0  
41 
4 2 
4 3 
4 4 

GROUP STRUCTURE AND SOURCE SPECTRUM 

Energy 

1.3439E 07 5 
1. 221413 07 
1.1052E 07 
1. OOOOZ 07 
9.0484E 06 
8.1673Z 06 
7.4022Z 06 
6. 70322 06 
6.0653;: 06 
5 . 4 a a i ~  os 
4.9659E 06 
4.4933E 06 
4.OG57E 06 
3.6782E 06 
3.3227E 06 
-3.0119E 06. 
2.7253E 06 
2 .4660s  06 
2.231 3E 06 
2.0190Z 06 
l .8268E 06 
I .  6530E 06 
1.4957E: 05 
1.3534Z 06 
1.2246P 06 
l.108OZ 06 
1.002SP 06 
9.0712E 05 
8.2065f 05 
7.4274E 05 
6.7206E 05 
6.081OE 05 
5.5023E 05 
4.9787E 05 
4.50492 05 
4.0762E 05 
3.6883E C5 
3 .3373s  05 
3 .0197f  05 
2.7324E 05 
2.4724E 05 
2. 237 lE  05. 
2.0242E 05. 
1.8316E 05 

Lethargy 

-0. GO0 2 
-0. 300 
-0.200 
-0. I 00  
0.000 
0. I 00  
0.200 
0. 300 
0.400 
0. 500 
0.600 
0.700 
0.600 
0.900 
1.000 
1.100 
1.200 
1.300 
1.400 
1.500 
1.600 
1.700 
1.800 
1.900 
2.000 
2.100 
-3.200 
2. 300 
2.400 
2.500 
2.600 

,2.700 
2.800 
2.900 
3.000 
3.100 
3.203 
3.300 
3.400 
3.500 
3.600 
3.700 
3.800 



Group 

. ' 4 5 
4 6 
47 
48 
49 
5 0 
5 1 
5 2 

. 5 3  
54 
55  
5 6  
57 
5 8 
5 9 
6.0 
61 
62 
6 3 
64 
6 5 
6 6 
67 ; 

6 8 
6 9 
7 0 
71 
72 

Energy 

1 .65 i3E 03 1 . 8 3 1 ~ ~  05 
1.49962 G5 1. G573L: 05 
1.35GSE 05 1 . 4 9 9 t 5 ~  03 
1 .227 iE  C5 1.35G9T 05 

' I .  1109t' 05 1 . 2 2 7 7 ~  05 
8.6517E 0-1 I .  I lOSE DS 
6.7279E 04 8.66171: 04 
5.24 75E 04 6. 7379E 04 
4.035?E 61 5.2475E 04 
3.1C23E 04 4.OE66E 0-1 
2.476EE 04 . 3.1823E 04  
I .  9305E 04 2.4768E 04 
1. SO3;E 04 l.93OSE 04 
1.1709E 0; 1.5034Z 04 
9.116EE 03 1.1700E 04 
7 .1017E03 9.118SE03 
5.5306E 03 7.1017E 03 
4.3074E 03 5.5302E 03 
3.3546E 03 4.3074E 0 3  
2.6126E 03 3.3546E 0 3  
2.0347E 03 2.6135Z 0 3  
1.5846E 03 2.0347E 0 3  
l . 2 3 4 l E  03 l.5845E 0 3  
9.6112E 03 1.234lE 03 
7.4852E 03 9.6112E 02 
5 .6295e  02 7.4252E 02 
4.5400E 02 5. S295E 02 
3.5357E 02 4.540OE 02 
2.7536E 02 3.535iE 02 
2.1445E 02 2.7535E 02 
l.67OZE 02 2. N 4 5 E  02 
l.3OO7E 02 l.6702E 02 
l.Ol3OE 02 l.3007E 02 
1.869372 01 1 .0 i30E 02 
6.1442R 0 1  7.6893E 01  
4.7851E 01 6.1442E 01  
3.7267s 01 4. i'85lE 01  
2.9023E 01 3.726'iE 01 
2.2603E 01 2. QO23E 01  
1.7603E 01 2.2603E 01  
l .37lOE 01 1. 7603E 01  
l.O677Z 01 l.37lOi: 01  
8 .3153s  09 l.0677E 01 
6.4760E 00 8.3153E: 00 

Lethargy 

4.000 4.100 
4. I 0 0  4.200 
4.200 4. 300 
4.300 4.400 
4.400 3 .500 
4.500 4.750 
4.750 5.000 
5.000 5. 25.1 
5 .250 5 .50)  
5.500 5. 750 
5.750 6.000 
6.000 6.250 
6.250 6.500 
6.500 6.750 
6.750 7. 000 
7.000 7.250 
7.250 7.500 
7.500 7.750 
7.750 8.000 
8 .000 8.250 
8.250 8.500 
8. 500 8. 750 
8. 750 9.000 
9.000 9.250 
9.250 9. 500 
9. 500 9. 750 
9. 750 10.000 

10.000 10.230 
10.250 10.500 
10. 500 10. 750 
10. 750 11. OD0 
11.000 11.250 
11.250 11.500 
11.500 11. 750 
11.750 12. C O O  
12.000 12. .50 
12.250 12.500 
12.500 12. 750 
12.750 13.000'  
13.000 13.230 
13.250 13.500 
13.500 13. 750 
1 3 . 7 5 0  14.000 
14.000 11.250 



Group Energy Lethargy 



r o u p  K c  

I S O T R O P I C  S O U R C E  S P E C T R U M  

C O M P O N E N T S  4 A N D  5 O F  A N G U L A R  G R I D  



ANGULAR D A T A  FOR SN C A L C U L A T I O N S  

S4 C a l c u l a t i o n s  : 

I ANGULAR QUADRATURE CONSTANTS 

I COSINE ( M U )  

S16 C a l c u l a t i o n s  : 

I ANGULAR QUADRATURE CONSTANTS 

WEIGHT 

0  

1 . 7 3 4 0 0 E - 0 1  

3 . 2 6 5 7 0 E - 0 1  

3 . 2 6 5 7 0 E - 0 1  

1 . 7 3 4 0 0 E - 0 1  

COSINE ( M U )  

- 1 . 0 0 0 0 0 E t 0 0  - 9 . 8 9 4 0 0 E - 0 1  
- 9 . 4 4 5 7 4 E - 0 1  
- 8 . 6 5 6 3 0 E - 0 1  
- 7 . 5 5 4 0 4 E - 0 1  

REFL D I R E C T I O N  

5  

5 

4  

3  

2  

WEIGHT. < E L F  D I R E C T I O N  





D a t a  f o r m a t  ( D a t a  t o  b e  s e n t  as  p u n c h e d  c a r d s )  

s h o u l d  b e  t h e  s t a n d a r d  A N I S N  f o r m a t ,  w i t h  : 

I H M  = 20 

IHT = 5 
IHS = 6 

P o s i t i o n  1 and  2 c a n  b e  u s e d  f o r  o ( n , y )  ( P o s i t i o n  2 )  and  

f o r  t o t a l  i n e l a s t i c ,  i f  a v a i l a b l e  ( P o s i t i o n  1).  



1 5  ENERGY GROUP -- STRUCTURE FOR S E N S I T I V I T Y  CALCULATIONS 

Group  f o r  g r o u p  1 ower  

4 .49  MeV 

2.59 

1.35 

.706  

- 5 7 8  

.407 

. 3 0 2  

. 2 7 3  

67.4 KeV 

31 .8  

15 .0  

1 .58  

214 eV 

10.7  

d 

- 

down to thermal 



ANNEX I1 

S p e c i a l i s t s '  Meeting on S h i e l d i n g  Benchmark C a l c u l a t i o n s  

1st and 2nd J u l y ,  1982, O E C U ,  P a r i s  
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t S t ,  P fa f fenwaldr inq  31, 7000 S t u t t q a r t  

Energia  Nucleare d e l l e  Energ ie  A l t e r n a -  
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I Jn lvers i ty  of Tokyo, Toksi-Mura, Ibarakl-ken 
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